ABSTRACT Aquaporin-4 (AQP4) is the primary water channel in the mammalian brain, particularly abundant in astrocytes, whose plasma membranes normally contain high concentrations of cholesterol. Here we test the hypothesis that the water permeabilities of two naturally occurring isoforms (AQP4-M1 and AQP4-M23) depend on bilayer mechanical/structural properties modulated by cholesterol and phospholipid composition. Osmotic stress measurements were performed with proteoliposomes containing AQP4 and three different lipid mixtures: 1), phosphatidylcholine (PC) and phosphatidylglycerol (PG); 2), PC, PG, with 40 mol % cholesterol; and 3), sphingomyelin (SM), PG, with 40 mol % cholesterol. The unit permeabilities of AQP4-M1 were 3.3 5 0.4 Â 10 À13 cm 3 /s (mean 5 SE), 1.2 5 0
INTRODUCTION
The functional properties of several types of ion channels are modified by the structural or material properties of the membrane bilayer (1) (2) (3) (4) . In particular, cholesterol, which regulates both the hydrophobic thickness and elasticity (compressibility) of bilayers (5) (6) (7) , has been shown to alter the activity of volume-regulated anion channels (8, 9) , the activation of sodium channels (10) , the function of other classes of voltage-gated potassium channels (Kv1.5) (11) , and the conductance of inwardly rectifying potassium (Kir) channels (12) .
In this study, we investigate whether bilayer elastic and structural properties can also modify the water permeability of aquaporin (AQP) channels that are specialized for the selective permeability of water across membranes driven by osmotic gradients (13) (14) (15) . In many tissues, AQPs are critical for water distribution and cell volume control (15, 16) .
Here we focus on the permeability of aquaporin-4 (AQP4) for several reasons:
1. The crystal structure of AQP4 has been obtained and related to proposed models of water transport (17) . 2. AQP4 is found in mammalian brain astrocytes (18, 19) , whose membranes normally have high concentrations of cholesterol (20) (21) (22) (23) ) that decrease after cerebral ischemia (20) .
3. AQP4 plays important roles in water homeostasis and normal brain functions (19, (24) (25) (26) (27) (28) (29) (30) (31) (32) , and is implicated in several pathological conditions (26, 28, 33, 34) . 4 . The regulation of astrocyte membrane water permeability has been a primary area of research interest, with evidence for roles of subcellular trafficking that brings AQP4 into the plasma membrane, as well as contributions from metal ions, hormones, pharmacological agents, and protein phosphorylation (35-40). 5. As of this writing, there is a controversy concerning the functions of the naturally occurring AQP4 isoforms (M1 and M23) that are splice variants with M1 having an additional 22 amino acids at its N-terminus. Different groups have found differing results for the relative water permeabilities of M1 and M23 when they are expressed in cells: M1 > M23 (27) , or M1 < M23 (41), or M1M 23 (42) . Because of the potential role of intracellular AQP4 trafficking, Gunnarson et al. (36) emphasize the advantages of determining the individual channel permeability in well-defined proteoliposome reconstitution systems.
In terms of regulation by lipid properties, detergent extraction studies suggest that AQP4 might be located in raft microdomains (43, 44) , transient regions of the plasma membrane enriched in sphingomyelin and cholesterol (45, 46) that are thicker and less compressible than surrounding membrane regions (5,7). Noël et al. (44) note ''the interesting hypothesis that lipid rafts may participate in the regulation of the AQP4 channel.'' In this regard, it has been shown that the activities of Kir2.1/Kir2.3 channels depend on their distribution between raft and nonraft domains (47) .
To explore the relationship between AQP4 permeability and its lipid environment, here we determine the permeability of M1 and M23 isoforms of AQP4 reconstituted into bilayers with different phospholipid and cholesterol compositions. We include bilayers containing phospholipids with monounsaturated hydrocarbon chains and no cholesterol, as well as bilayers containing the high concentrations of sphingomyelin (with mostly saturated hydrocarbon chains) and cholesterol characteristic of raft microdomains (7, (48) (49) (50) . These bilayer compositions have a wide range of bilayer thicknesses and compressibility moduli (5, 51) , providing quantitative tests of how channel water permeability is modified by bilayer structural and elastic properties.
MATERIALS AND METHODS

Expression and purification of AQP4 isoforms
The rat AQP4 isoforms M1 and M23 were expressed in yeast by techniques known to produce functional AQP (52) (53) (54) . Plasmids pYES10-His-AQP4-M1 and pYES10-His-AQP4-M23 were expressed in the protease-deficient Saccharomyces cerevisiae (pep4) yeast, and purified as described in Yukutake et al. (52) with some modification. All buffers were supplemented with an EDTA-free protease inhibitor cocktail (Roche, Indianapolis, IN). The membrane pellet after ultracentrifugation was solubilized in buffer A containing 100 mM K 2 HPO 4 , 10% glycerol, 200 mM NaCl, 5 mM 2-mercaptoethanol, and 2% n-octyl-D-glucopyranoside (OG; Affymetrix, Cleveland, OH). After removing insoluble material by ultracentrifugation, the solubilized proteins were adjusted to 20 mM imidazole and gently mixed overnight with Ni-NTA agarose beads. The beads were washed in a column with 50 mM imidazole in Buffer A, and bound AQP4 was eluted with 750 mM imidazole in Buffer A.
The protein concentration was measured with the BCA assay using a BSA standard (Thermo Scientific, Rockford, IL). The purity of AQP4 was determined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and Western blots using antibodies from Santa Cruz Biotechnology (Santa Cruz, CA). For SDS-PAGE, protein samples were mixed (1:1) with Laemmli sample buffer containing 10% SDS and analyzed with a 4-20% gel. Gels, stained with Sypro Ruby, imaged and analyzed using a BioChemi System with LabWorks 4.0 (UVP BioImaging System, Upland, CA), showed that the AQP4 was >90% pure. To ensure complete hydration, the SM:DPPG:cholesterol specimens were hydrated at 40 C, whereas the other lipids were hydrated at 20 C. The lipids and proteins in OG were mixed at appropriate lipid/protein ratios, OG was removed by dialysis against 25 mM HEPES, 50 mM NaCl, 2 mM dithreitol (DTT), and 1 mM phenylmethanesulfonylfluoride or phenylmethylsulfonyl fluoride (PMSF), pH 7.4, initially for 4 h at room temperature followed by two days at room temperature for SM:DPPG:cholesterol or at 4 C for the other lipids. The resulting lipid/ protein vesicles were collected by ultracentrifugation (55) and resuspended in dialysis buffer plus 50 mM sucrose. Large unilamellar proteoliposomes were obtained by extrusion through 100-nm pore filters (Avanti Polar Lipids).
Reconstitution of AQP4 into proteoliposomes
For each sample, the average vesicle diameter was determined by quasielastic light scattering with a ZetaPlus Zeta Potential Analyzer (Brookhaven Instruments, Holtsville, NY), and ranged from 100 nm to 270 nm depending on the sample protein/lipid ratio. For some samples, the diameters were verified by electron microscopy of negative stained specimens or by cryo-transmission electron microscopy of unfixed specimens by NanoImaging Services (La Jolla, CA). The cryo-electron micrographs showed that >80% of the vesicles contained a single-wall, with some containing entrapped vesicles (see Fig. S1 in the Supporting Material). The AQP4 unit water permeabilities were independent of average vesicle diameter.
The lipid and protein compositions of the proteoliposomes were determined by phosphate assays (56) and SDS-PAGE, respectively. AQP4 in proteoliposomes and known amounts of AQP4 in OG (standardized by BCA assay) were analyzed on the same SDS gel. Integrated optical densities were measured, and the absolute AQP4 concentrations in proteoliposomes were calculated by comparison with the standards, which showed a linear response. This approach was necessary because the lipids interfered with direct BCA assays.
Measurements of AQP4-proteoliposome water permeability
Water permeabilities were measured using techniques that apply an osmotic gradient with sucrose solutions and determine as a function of time the change in proteoliposome volume due to water efflux (14, 17, 52, 53, (57) (58) (59) (60) (61) (62) (63) (64) . We measured the volume change by light scattering with a wavelength of 600 nm (61,62) using a SX20 Stopped-Flow Spectrometer (Applied Photophysics, Leatherhead, UK). The proteoliposome permeabilities (p f ), with units of cm/s, were calculated from the formula
where k is the shrinkage rate determined by exponential fits to the lightscattering data, SAV is the vesicle surface area/volume ratio, V W is the partial molar volume of water (18 cm 3 /mol), and C in (50 mM) and C out (150 mM) are the initial concentrations of solute inside and outside the vesicles (60, 61) . For proteoliposomes made from POPC:POPG or POPC: POPG:cholesterol, the time course was recorded from 0 to 5 s, whereas for the slower volume changes observed with proteoliposomes containing SM:DPPG:cholesterol, data were recorded from 0 to 10 s. The light-scattering data were fit using the software Logger Pro 3.8 (Vernier Software, Beaverton, OR).
The AQP4 single-channel unit permeabilities (P u ), with units of cm 3 /s, were determined with the formula P u ¼ p f /S uD (65) , where S uD is the AQP4 density per unit surface area. For each proteoliposome preparation, S uD was calculated from the measured vesicle diameters, protein concentrations, lipid concentrations, and area per lipid molecule (A m ). For our lipid systems A m was estimated from literature x-ray diffraction and monolayer data for PC, PC:cholesterol, and SM:cholesterol systems with the assumption that PGs with matching hydrocarbon chain compositions have approximately the same A m as PCs. For POPC:POPG, we used A m ¼ 0.66 nm 2 ,
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based on the A m of POPC measured by x-ray diffraction at 30 C (66) extrapolated to 20 C with the thermal coefficient of area expansion for PC bilayers (67) . To our knowledge, there are no direct x-ray measurements of A m for POPC:cholesterol or SM:cholesterol bilayers. Therefore, because of the similarity of eggPC (5) Fig. 1 shows typical osmotic gradient-driven changes in the time course of light scattering for POPC:POPG singlewalled vesicles in the presence and absence of AQP4-M1. For both traces, the light scattering increased sharply after the osmotic gradient was applied at time t ¼ 0 and eventually leveled off. Both traces could be fit closely to a singleexponential function, and, in the absence of protein, our measured values of liposome water permeability were similar to previously reported values (see the Supporting Material). However, the rate of change in light scattering was increased by the presence of AQP4-M1 (Fig. 1) , indicating that it increased the water permeability of the vesicle.
RESULTS
Representative changes in light scattering for proteoliposomes containing similar concentrations of AQP4-M1 in bilayers of different lipid compositions are shown in Fig. 2 . The rate of scattering increase depended strongly on the lipid system, being fastest for POPC:POPG, slower for POPC:POPG:cholesterol, and slowest for SM: DPPG:cholesterol. For each sample of POPC:POPG and POPC:POPG:cholesterol, data (such as those shown in Fig. 2 ) could be closely fit (root-mean-square errors between 0.03 and 0.06) with a single-exponential rise, yielding a single value of p f for each specimen. Likewise, for SM:DPPG:cholesterol liposomes in the absence of protein, the data could be fit with a single exponential. However, for SM:DPPG:cholesterol proteoliposomes, a doubleexponential fit was required to obtain equivalent rootmean-square error (Fig. 2) , yielding two sets of p f , a larger one that increased with increasing P/L, as well as a much smaller one that was independent of P/L and had similar values to the control SM:DPPG:cholesterol liposomes (P/L ¼ 0). For subsequent analysis with this lipid system, we used the larger values of p f that increased with increasing P/L.
Similar experiments were used with Eq. 1 to calculate p f for both AQP4-M1 and AQP4-M23 over broad ranges of protein-lipid (P/L) ratios (Fig. 3, A and B) . For both isoforms, and with all three lipid systems, the proteoliposome water permeability increased linearly with increasing P/L ratio. For both AQP4 isoforms, p f depended strongly on the composition of the lipid bilayer and varied in the order POPC:POPG > POPC:POPG:cholesterol > SM: DPPG:cholesterol. Using the p f data (Fig. 3 ) along with vesicle sizes and lipid areas per molecule, we calculated the single-channel (unit) permeability (P u ) for both AQP4-M1 and AQP4-M23 isoforms for the three different lipid systems. As shown in Fig. 4 , for each isoform P u depended strongly on the composition of the lipid bilayer, with the differences being statistically significant: POPC:POPG > POPC:POPG:cholesterol (P values ¼ 0.011 and 0.001 for AQP4-M1 and AQP4-M23, respectively), POPC:POPG:cholesterol > SM:DPPG: cholesterol (P ¼ 0.020 and 0.008), and POPC:POPG > SM:DPPG:cholesterol (P ¼ 0.005 for both isoforms).
To assess whether the differences between lipid compositions shown in Fig. 4 are related to differences in either bilayer mechanical or structural properties, we plot in Fig. 5 the unit permeabilities versus the square root of the bilayer area compressibility moduli (K A 1/2 ), a direct measure of bilayer elastic properties, and bilayer hydrocarbon thickness (d hc ). We use K A 1/2 in Fig. 5 A because it has been experimentally shown for one-component PC bilayers that elastic bending (k c ) and area compressibility moduli are related to bilayer hydrocarbon thickness (d hc ) by the relation (k c /K A ) 1/2 f d hc (69) . Values of K A were calculated based on recent measurements in similar lipid systems where corrections were made for bilayer undulations (5,69). For POPC:POPG (8:2) we used K A of the analogous lipid 1-stearoyl-2-oleoyl-sn-glycero-3-phosphatidylcholine (SOPC) (5), for POPC:POPG:cholesterol (4:2:4) we used the K A measured for SOPC:cholesterol (1:1) (5) modified by a correction factor of 0.6 taking into account the difference between SOPC bilayers containing 50 and 40 mol % cholesterol (see Fig. 3 of Needham and Nunn (51)), and for SM:DPPG:cholesterol (4:2:4) we used K A of SM:cholesterol (1:1) (5) with the same correction factor of 0.6. In terms of d hc , for POPC:POPG we used d hc measured for POPC (66) , for POPC:POPG:cholesterol we used d hc of SOPC:cholesterol (70) , and for SM:DPPG:cholesterol we used d hc of SM:cholesterol (7). For both AQP4-M1 and . For proteoliposomes made with POPC:POPG or POPC:POPG:cholesterol, each osmotic gradient run yielded a single value of k, and therefore a single value of p f that increased with increasing P/L ratio. For each SM: DPPG:cholesterol proteosome, the osmotic gradient yielded two values of k: one gave p f that increased with increasing P/L (green triangles), whereas the other gave p f that stayed nearly constant as a function of P/L (green diamonds) and had similar magnitudes to SM:DPPG:cholesterol liposomes (P/L ¼ 0). (Fig. 5 A) or d hc (Fig. 5 B) .
DISCUSSION
The data presented in this report show that the water permeability of individual AQP4 channels strongly depended on the structural and mechanical properties of the membrane bilayer matrix as modified by both cholesterol content and phospholipid hydrocarbon chain composition.
Liposome and proteoliposome permeabilities
In the absence of protein, our values for the water permeabilities of liposomes (i.e., large unilamellar vesicles) are similar to values reported for similar lipid systems (71-73) (see the Supporting Material). Although many factors could contribute, Mathai et al. (73) conclude that this bilayer water leakage should strongly correlate with the area per lipid molecule, as also found for our data (see Fig. S2 ).
There have been several previous measurements of p f for proteoliposomes containing various AQPs, including AQP1 (14,57), AQP2 (65, 74) , AQP4 (52, 61, 62) , AQP8 (53), AQP9 (63), AQPZ (60) , and AQPM (54) . Many of these experiments used bilayers primarily containing bacterial lipids, although some have been done in phospholipids with smaller concentrations of cholesterol than used here (14, 62) . To the best of our knowledge, no previous experiments have been performed with rigid bilayers containing SM and cholesterol. To obtain a good fit to the lightscattering data for SM:DPPG:cholesterol proteoliposomes (such as shown in Fig. 2) , it was necessary to use the sum of two exponential functions, which previously has been done for some AQP-containing proteoliposomes (63) . In the specimen shown in Fig. 2 , we found the two values of k to be k 1 ¼ 5.0 s À1 and k 2 ¼ 0.2 s À1 . We realize that k 2 is not as accurately determined as k 1 because the data were collected over a time period of 10 s, or only about twice the characteristic time period of the second exponential (1/k 2 ¼ 5 s). Nonetheless, it seems likely that the faster exponential rise (k 1 ) represents water permeability through the AQP4 channel, whereas the slower exponential rise (k 2 ) is probably due to water leaking through the bilayer matrix, perhaps exacerbated by an inhomogeneous protein-lipid distribution among the proteoliposomes. Two pieces of evidence support this bilayer leakage explanation for the slower exponential rise. First, for the slower exponential function, the p f values were independent of protein/lipid ratio and similar to SM:DPPG:cholesterol liposomes (Fig. 3) , whereas for the faster exponential rise, the values of p f increased linearly with increasing protein/ lipid ratio. Second, only one exponential was needed for AQP4 in either POPC:POPG or POPC:POPG:cholesterol where the AQP4 unit permeabilities were much larger than those in SM:DPPG:cholesterol (Fig. 4) . That is, the background bilayer leakage was small in comparison to the AQP4 channel permeability in POPC:POPG or POPC: POPG:cholesterol bilayers, but not in SM:DPPG:cholesterol bilayers.
For each lipid system examined here (Fig. 3) , p fversus-protein/lipid relationships followed a straight line, which has previously been found for AQP1 (channelforming integral protein) in Escherichia coli lipids (14) (when protein/vesicle in their Fig. 3 E is converted to protein/lipid). For one concentration of AQP1, Zeidel et al. (14) found p f to be the same in E. coli lipids containing 0, 5, or 15% cholesterol. This is not surprising, as these relatively small amounts of cholesterol would not be expected to markedly alter the elastic properties of the bilayer (51). (62) used a system with a cholesterol concentration between that of our POPC:POPG and POPC:POPG:cholesterol bilayers, it is quite reasonable that their value of P u falls between our values.
For each of our lipid systems, the unit permeability was larger for AQP4-M1 than for AQP4-M23 (Fig. 4) . The difference was statistically significant for both POPC: POPG (P value ¼ 0.014) and POPC:POPG:cholesterol (P ¼ 0.003), but not statistically significant for SM:DPPG: cholesterol (P ¼ 0.231). Our data do not address the contribution of orthogonal array formation of the M23 isoform (75, 76) , which remains to be explored.
The value of P u ¼ 4.6 Â 10 À14 cm 3 /s measured for AQP1 (channel-forming integral protein) in proteoliposomes composed of E. coli lipids (14) is considerably smaller than our AQP4 values measured either in POPC:POPG or POPC:POPG:cholesterol (Fig. 4) , but comparable to our values measured for the AQP4 isoforms in SM:DPPG: cholesterol proteoliposome. Although the thickness and compressibility modulus have not been measured for the E. coli lipids, because they contain phospholipids with double bonds and no cholesterol, it would be expected that its d hc and K A are more similar to that of POPC:POPG than to those of POPC:POPG:cholesterol or SM:DPPG: cholesterol. This suggests that P u for AQP4 is greater than for AQP1 in similar lipids, consistent with comparisons of these AQPs expressed in oocytes (77) .
Possible mechanisms of bilayer influences on AQP4 permeability
We now consider possible mechanisms by which changes in bilayer lipid composition modified the AQP4 single-channel permeability (Fig. 5) . Both theoretical treatments (78) (79) (80) (81) and experimental studies (80) (81) (82) (83) indicate that bilayer structural and material properties can affect protein confirmation and activity, with the elastic and structural properties interrelated (84, 85) . As noted by Lundbaek et al. (86) , there is a hydrophobic coupling of protein function to bilayer material properties so that ''the bilayer becomes an allosteric regulator of membrane protein function.'' Insights on the role of elastic properties can be obtained from comparisons of crystal structures of AQP0 in detergent micelles (by x-ray crystallography of three-dimensional crystals) and lipid bilayers (by electron microscopy of two-dimensional crystals) (87) (88) (89) . In the two environments, AQP0 displays differences in temperature factors.
As noted by Hite et al. (90), ''The higher temperature factors of the detergentexposed atoms in the x-ray structures indicate that the detergent molecules do not restrict their conformational variability as much as the lipid molecules do. A possible explanation for this observation is that the contacts in the three-dimensional crystal are mainly formed by the soluble, extramembranous loops, whereas the residues contacting the lipids in the two-dimensional crystals are an integral part of the crystal contacts. An alternative explanation would be the lateral pressure from the lipids that could restrict the conformational flexibility of the entire transmembrane domain.''
This alternative explanation might help explain the dependence of AQP4 P u on bilayer composition (Fig. 5) , as the lateral pressure profile depends on bilayer cholesterol content (91, 92) and phospholipid hydrocarbon chain unsaturation (92, 93, 95) . It has also recently been shown that lipid acyl chains, rather than lipid headgroups, determine the lipid localization around AQP0 (96) . Bilayer width plays a role in protein activity due to hydrophobic-mismatch between protein hydrophobic length and bilayer hydrocarbon thickness (d hc ) (4, 84, 85, (97) (98) (99) (100) (101) . A hydrophobic coupling between protein and surrounding bilayer exists due to the high cost of exposing either hydrophobic amino-acid residues or lipid acyl chains to the aqueous environment (4, 78, 102) . To avoid this hydrophobic mismatch there is either a change in protein conformation or local bilayer thickness. Therefore, changes in the physical properties of the bilayer alter the protein conformational equilibrium and function (103) .
Experiments have shown that hydrophobic mismatch affects the activity of melibiose transporters (101), BK calcium channels (84) , and mechanosensitive ion channels (85) . In terms of AQP water channels, in AQP0 crystals containing dimyristoyl phosphatidylcholine (DMPC) the width of the hydrocarbon region of the DMPC bilayer is 2.4 nm (90) , and the length of the AQP4 conducting pore is~2.5 nm (17) . These values are closer to d hc for POPC:POPG (2.7 nm) than for POPC:POPG:cholesterol (3.3 nm) or SM:DPPG:cholesterol (3.6 nm) (Fig. 5 B) . Thus, for our lipid systems, the hydrophobic-mismatch between AQP4 hydrophobic length and d hc varies in the order SM:DPPG:cholesterol > POPC:POPG:cholesterol > POPC:POPG, consistent with our observed differences in P u .
Therefore, we argue that small AQP4 transmembrane conformational changes resulting from differences in bilayer composition could modify the single-file movement of water molecules through the narrow (0.15-nm diameter) channel observed in AQP4 crystals (17) . The results (Fig. 5, A and B) indicate that nonspecific interactions Biophysical Journal 103(9) 1899-1908 play major roles; future experiments will be designed to sort out the relative contributions of bilayer elasticity and bilayer thickness.
Specific cholesterol-protein interactions have also been shown to modify the function of some membrane channels (1, 12, 104) . However, we argue that potential specific cholesterol-AQP4 interactions do not make a dominant contribution to the total effect because, for the same protein/cholesterol ratio, the observed P f is quite different for POPC:POPG: cholesterol and SM:DPPG:cholesterol bilayers (Fig. 3) .
Physiological significance of these results
Our observation that AQP4 permeability depends on its lipid environment could have biological relevance in both health and disease. In terms of normal glial cells, the partitioning of either AQP4 isoform from nonraft-membrane microdomains (with relatively little cholesterol) into raft microdomains (enriched in SM and cholesterol) would significantly reduce its water permeability. As noted in the Introduction, AQP4 is thought to be enriched in rafts, with basal lamina and cytoplasmic proteins involved in its raft incorporation (24, 43, 44) .
Moreover, each AQP4 isoform has properties that could further promote its sequestration into rafts. Specifically, the N-terminus of M1 contains two cysteine residues that can be palmitoylated (105), a process that promotes protein incorporation into rafts (106, 107) . The AQP4-M23 isoform forms regular orthogonal arrays in membranes (108, 109) , and the homooligomerization of another AQP (AQP0) has been shown to increase its partitioning into raft bilayers (55) . Thus, we suggest that there are different posttranslational modifications that could potentially bring each AQP4 isoform into raft microdomains and thereby regulate its water permeability properties in membranes.
Astrocyte end-feet processes compose a part of the boundary between blood vessels and nervous tissue in the central nervous system. This blood-brain barrier restricts the movement into the brain of many substances that in other tissues normally leave blood vessels and diffuse into the tissues. In multiple sclerosis and animal models such as experimental autoimmune encephalomyelitis, dysfunction of this barrier leads to brain edema (110) (111) (112) . It has recently been found that during experimental autoimmune encephalomyelitis (113) and in high-grade astrocytomas (114) , there is a loss of the polarized location of AQP4 in astrocyte endfeet. We raise the possibility that there may be a different lipid composition in end-feet membranes than in membranes in the rest of the cell that could modify AQP4 function. Future experiments are necessary to test these concepts.
SUPPORTING MATERIAL
Two figures and one table are available at http://www.biophysj.org/ biophysj/supplemental/S0006-3495(12)01062-4.
